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Asparagus officinalis (cultivar Franklim) was successfully propagated in vitro on a modified Murashige and 
Skoog medium (MMS) to which 0.1 mg dm-3 NAA and 0.1 or 0.2 mg dm-3 kinetin had been added. Vigorous 
shoot cultures were initiated by using buds and shoot apex explants. The cultures were incubated at 27°C 
and a 16!8-h light/dark period. The highest percentage rooting was obtained by using a MMS medium supple-
mented with 0.1 mg dm-3 NAA, 0.1 mg dm-3 kinetin and 1.25 mg dm-3 ancymidol. Prior to transplanting to soil, 
the plants were first hardened off by transferring them to basic Murashige and Skoog medium (MS) with a 
lower sucrose concentration, or lacking the latter, and simultaneously exposing them to a higher light intensity 
of 62.5 f.LE m-2 S-1. 
Asparagus officina/is (kultivar Franklim) is suksesvol op 'n gemodifiseerde Murashige en Skoog-medium 
(MMS), waarby 0.1 mg dm-3 NAA en 0.1 of 0.2 mg dm-3 kinetien in vitro toegevoeg is, vermeerder. Sterk loot-
kulture is met die ogies en groeipunte as eksplantmateriaal verkry. Die kulture is by 27°C en 'n 16!8-h lig! 
donker periode ge'inkubeer. Die plantjies is op MMS-medium, aangevul met 0.1 mg dm-3 NAA, 0.1 mg dm-3 
kinetien en 1.25 mg dm-3 ansimidol, bewortel. Die plante is eers afgehard voordat dit in grond geplant is, deur 
die plante na MS-medium met 'n laer sukrosekonsentrasie oor te plaas, of deur Ig. weg te laat en dit terselfder-
tyd aan 'n hoer ligintensiteit van 62.5 f.LE m-2 S-1 bloot te stel. 
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Introduction 
Asparagus is generally propagated from seed, but the 
differences in yield between the plants are considerable. 
Past attempts to reduce plant variability by selecting 
uniform crowns or dividing the crowns have not been 
successful. This practice is too slow when a large number 
of plants are required (Takatori et al. 1968). The 
establishment of an efficient asexual reproduction 
method to obtain numerous plants of the same charac-
teristics is highly desirable, as it will enhance the 
production of asparagus (Harada & Yakuwa 1983). 
For this purpose methods of culturing different kinds 
of asparagus tissue , i.e. somatic cells (Wilmar & 
Heflendoorn 1968), callus (Kar & Sen 1985; Steward & 
Mapes 1971) , one-bud segments (Matsubara & Clore 
1974) and anther cultures (Tsay 1983), have been 
developed. 
In this article methods for the rapid in vitro multipli-
cation of asparagus from buds and shoot apices are 
described to assist the asparagus industry. 
Materials and Methods 
Establishment of aseptic stock plants 
Selected seeds of Asparagus officinalis (cultivar 
Franklim) were supplied by the South African asparagus 
industry . Explant material was obtained from sterile 
seedlings germinated on MS medium (Murashige & 
Skoog 1962). This was done by first surface sterilizing 
the seeds by rinsing them with 96% v/v alcohol, where-
after they were shaken for 20 min in a solution contai-
ning 1 % m/v NAOCI and 5% 7X-soap viv o Thereafter 
they were rinsed three times with sterile distilled water 
and placed on MS medium. 
The explant cultures were incubated at 27°C with a 
light/dark period of 16118 h, and a light intensity of 12.5 
fLE m-2 S-1 . Approximately 10 shoot segments were 
obtained from each seedling after a period of 5 weeks, 
and a stock of explant material was established and 
maintained by repeated transfer to fresh medium (see 
culture medium) . 
A series of experiments was carried out over a period 
of 24 months . Therefore the stock plants had to be 
subcultured four to five times. As their growth became 
weaker it was necessary to establish new stock plants. 
Young , soft , 10- to 15-cm long shoots from asparagus 
plants grown in a glasshouse were used . These plants 
originated from asparagus plantlets produced in vitro. 
The shoots were cut into 7-cm long pieces, each with 
three or more buds and with or without a shoot tip. The 
material was surface sterilized as described for the 
seedlings. The cut surfaces , where the NaOCI had 
penetrated and damaged the tissue , were removed and 
shoot apices of approximately 1 cm long , with a bud or a 
shoot tip , were transferred to the culture medium to 
establish new stock plants. 
Culture medium 
A modified MS medium (MMS) (Murashige et al. 1972) 
was used as basal medium , to investigate the influence of 
different combinations and concentrations of growth 
regulators on shoot initiation and growth of asparagus 
cultures. The growth regulators used were naphtalene-
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acetic acid (NAA) (0.1 mg dm-3) in combination with 
kinetin (0.1 or 0.2 mg dm-3) and 6-benzyl-aminopurine 
(BA) (0 .1,0.5 , 1.0 or 2.0 mg dm-3). Four shoot segments 
of approximately 5 mm each were inoculated together in 
20 ml MMS medium in 100-ml Schott bottles. A total of 
100 explant replicates were inoculated for each of the 
grouth regulator combinations. 
Explant material 
The shoots were divided for multiplication , into shoot 
tips , young lateral shoots (of approximately 5 mm long), 
internodes with c\adophylls and one-bud segments . The 
quality and quantity of plantlets which could be derived 
from this material were compared in order to identify 
those segments that would produce a maximum percen-
tage of vigorous plantlets. 
Light and temperature requirements 
The cultures were incubated at a constant 20 or 27°C, 
with a 16/8-h light/dark period , and a light intensity of 
12.5 f..lE m-2 S-l cool white light. The plantlets were 
exposed to a higher light intensity prior to planting in the 
soil , as explained under 'Rooting and transplanting'. 
Rooting and transplanting 
Growth regulators were tested singly or in combination 
for the induction of rooting. These were NAA alone at 
0.3 mg dm-3 and NAA at 0.1 mg dm-3 in combination 
with kinetin at 0.1 or 0.2 mg dm-3 . Ancymidol (1.25 mg 
dm-3) was also tested in combination with NAA (0 .2 mg 
dm-3) and kinetin (0 .1 or 0.2 mg dm-3). Finally a 2-step 
method was tested which entailed the culture of the 
shoots on a NAA + kinetin + ancymidol medium for 4 
weeks after which the plantlets were transferred to the 
same medium lacking the ancymidol. 
Prior to planting the rooted plants into soil , they were 
hardened-off, by transfering them to MS medium and 
simultaneously exposing them to a higher light intensity 
of 62.5 f..lE m-2 S- l . The plants were maintained in half-
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strength MS medium to which ] % sucrose had been 
added. After 3-4 weeks the plants were transfered to 
the same basal medium without sucrose for another 3-4 
weeks . The plants were incubated at a light/dark period 
of 16/8 h with a day temperature of 27°C and a night 
temperature of ] 8°C. Finally the agar was washed from 
the roots, and the plants were planted into pots with soil. 
Each pot was covered with a plastic bag which was 
fastened around the pot with a rubber band. Different 
soil mixtures of peat moss , sand , loam and vermiculite 
were tested in the proportions of (a) 1: 1: 1 (peat moss: 
vermiculite :loam); (b) 2:1:1 (peat moss :loam :sand) and 
(c) pure peat moss . Commercial plant nutrition (Multi-
feed) was given every 2 weeks. The plants were 
maintained in the glasshouse with a day temperature of 
27- 30°C , a night temperature of 1O- 15°C, and light 
intensity of 500 f..lE m-2 S- l . 
After a period of 7- 9 weeks of culture in the glass-
house, the plants were transfered to the field. 
Results and Discussion 
Culture medium 
Masses of friable , yellowish-green callus were initiated at 
the base of each segment on MMS medium supple-
mented with 0 .5, 1.0 and 2 .0 mg dm-3 BA . The shoots of 
these cultures were short, swollen and deformed (Figure 
1a) . Vigorous shoots were initiated on a medium with 
0.1 mg dm-3 BA , and an average of 5 segments could be 
obtained from each plantlet for further multiplication . 
Cladophylls were however absent, and the presence of 
c\adophylls later proved essential for the survival of the 
asparagus plants after transplant into soil. 
Vigorous shoot cultures were initiated by using either 
0.1 or 0.2 mg dm-3 kinetin in combination with 0.1 mg 
dm-3 NAA, and an average of seven to eight shoot apices 
could be obtained from each plantlet after 5 weeks of 
growth (Figure 1b). Only a slight degree of callus forma-
tion was noticed. 
Figure 1 The development of Asparagus officinalis explants on (a) MS medium with 1.0 mg dm-3 BA and (b) MS medium with 
0.1 mg dm-3 kinetin and NAA. 
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Table 1 The regeneration ability of the different 
segments of the Asparagus officina/is shoots 
Length of** Survival 
Segment Shoot* Buds* C1adophylls* shoot (em) rate (%) 
Buds 2 2 8.7 100 
Internodes with 
caldophyll s 6.3 93 
Shoot t ips 2 I 4 8.0 100 
Young shoots 2 2 2 8.3 100 
Numbers refer to average number' and length*" per segment 
The results were statistically analysed and no signif-
icant difference in growth of the plantlets was observed 
between the addition of 0.1 or 0.2 mg dm-3 kinetin to an 
MMS medium containing 0.1 mg dm-3 NAA . The latter 
medium did however differ significantly (at the P = 0.05 
level) from the media containing 0.1,0.5,1.0 and 2.0 mg 
dm-3 BA , the data being analysed according to the Chi-
square test. 
Explant material 
Results indicated that the buds, shoot tips and young 
shoots regenerated more vigorous in vitro plantlets than 
the internodes with cladophylls. Such plantlets generally 
had more buds, shoots and cladophylls per plantlet than 
those initiated from the internodes with cladophylls 
(Table 1). The survival rate of the latter was also lower 
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Figure 2 The influence of temperature on the development 
of Asparagus officinalis shoot cultures from shoot tips , buds 
and cladophylls. 
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Table 2 The percentage rooting of Asparagus 
officinalis (cultivar Franklim) cultures on MMS medium 
supplemented with a variety of growth regulators 
Growth regulator 
a) NAA 
b) NAA 
Kinetin 
e) NAA 
Kinetin 
d) NAA 
Kinetin 
Ancymidol 
e ) Step I: NAA 
Kinetin 
Ancym idol (4 weeks) 
Step 2: NAA 
Kin etin 
f) Plant le ts of ± 3 weeks and 
8 weeks old on the same medium 
used in e) 
mg dm-' 
0.3 
0.1 
0.2 
n.1 
0.2 
0.1 
0.1 
1.25 
0.1 
0.1 
1.25 
0.1 
n.1 
% Rooting 
66 
21 
15 
24 
46 
7 
(93%) than that of the other plantlets (100%). This 
corresponds with the results of Murashige et al. (1972) 
and Yang & Clore (1973), who stated that the one-bud 
segments and shoot tips we re the most commonly used 
explant material. 
Light and temperature requirements 
It appears from the results (Figure 2) that temperature 
did influence the development of the asparagus shoot 
cultures. Cultures incubated at 27°C generally 
regenerated more vigorous plantlets with an average 
11.4% higher number of buds , cladophylls and shoots 
per plantlet than those maintained at 20°e. This 
corresponds with the results of Hasegewa et al. (1973). 
After 3 weeks of growth , however, the difference 
between the cultures at 20 and 27°C was not significant 
(Chi-square test, P = 0.05). This means that the 
temperature of incubation of the cultures is not that 
critical, and vigorous growth will be obtained at temper-
atures between 20 and 27°e. 
A light intensity of 12.5 /-LE m-2 S-I seemed to be 
adequate for the development of the plantlets. Accor-
ding to Hasegewa et al . (1973) a light intensity higher 
than 12.5 /-LE m-2 S-I reduces the number of shoots 
produced , and the plants are distinctly etiolated. 
Rooting and transplanting 
The different growth regulators used in the rooting 
experiments all initiated roots to a greater or lesser 
extent (Table 2) . The highest percentage rooting was 
66% on MMS medium supplemented with 0.3 mg dm-3 
NAA. Auxins are essential for root growth and exoge-
nous auxins are needed for 83% of all cases of root 
growth (Hu & Wang 1983) . According to Hasegewa 
(1980) a high concentration leads to the formation of 
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unwanted callus growth which can inhibit root and shoot 
growth. Concentrations of 0.1 to 0.3 mg dm-3 NAA were 
efficient for rooting as can be concluded from the results 
of Takatori et al. (1968), but we found the opposite to be 
true, as all the plant lets that rooted on 0.3 mg dm-3 NAA 
eventually died. Root formation was initiated from a 
swollen mass of callus-like tissue at the base of the 
plantlets (Figure 3b). These roots were soft and brittle, 
and would easily detach from the plant when removed 
from the agar medium. None of these plantlets survived 
and during the process of hardening-off, the roots turned 
brown, deteriorated and the plantlets died. This can 
possibly be ascribed to the fact that no true roots 
developed , but only root-like outgrowths which were not 
connected to the vascular tissue of the plant. 
Tn all the other instances the percentage of rooted 
plants that survived was between 90 and 95%, but the 
highest percentage rooting was only 46%. It is interes-
ting to note the difference in rooting in media (d) and (e) 
(Table 2). The plants on medium (e) were subcultured 
on a fresh medium, omitting ancymidol, after 4 weeks, 
and this increased the percentage rooting. According to 
Yang & Clore (1974) several explanations for improved 
rooting on fresh medium might be possible. Perhaps 
certain metabolic products may accumulate in the 
original medium during shoot development from stem 
segment cultures or some components in the medium 
may become depleted. Either condition or both may 
inhibit root formation even though the plants possess the 
capacity to root. It is possible that the procedure of 
reculturing plantlets in fresh medium would remove the 
root-inhibiting substances or make available a new 
supply of root promoting substances. 
Ancymidol was included in the medium during the 
first step of rooting, omitting it after root initiation. The 
incorporation of ancymidol in the culture medium 
enhanced the production of more plantlets, promoted 
the development of stronger roots , shoots and more 
abundant axillary buds, and suppressed the undesirable 
proliferation of callus (Figure 3a) . These plantlets were 
morphologically different from those initiated on the 
other rooting media . They had shorter, more vigorous 
and more numerous shoots which formed a small , 
Figure 3 Rooting of Asparagus ojjicinalis shoot cultures on 
(a) MMS medium with 0.1 mg dm-3 NAA, O.lmg dm-3 kinetin 
and 1.25 mg dm-3 ancymidol and (b) MMS medium with 0.3 mg 
dm-3 NAA . 
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compact and woody structure resembling a crown , as 
also found by Chin (1982) and Khunachak et al. (1987). 
The roots also differed from the untreated cultures, and 
were thick, large and non-ramified , resembling storage 
roots , as described by Desjardins et at. (1987). 
The cytokinin should be kept low because high 
concentration inhibits rooting ability (Hu & Wang 1983) . 
In this study an increase from 0.1 to 0.2 mg dm-3 kinetin 
resulted in the decrease of the rooting ability from 21 % 
to 15%. 
Yang & Clore (1974) found that asparagus plantlets 
older than 4 weeks and up to 20 weeks of age had a 
better rooting ability than the plantlets younger than 4 
weeks. We found the opposite to be true, where the 
plantlets older than 4 weeks had a decrease in percen-
tage rooting (Table 2). Young, one-bud segments of ± 1 
cm long rooted the best. 
Transfer to soil 
A successful tissue culture procedure of plant propa-
gation is one which enables a rapid increase in the 
number of plants in vitro as well as a high rate of 
re-establishment of the tissue culture-derived plants in 
soil. Conditions found to be optimal for rapid multiplica-
tion of plants may be inadequate to enable successful 
subsequent transfer and re-establishment In soil 
(Hasegewa et at. 1973). 
By maintaining rooted plantlets in half-strength MS 
with or without sucrose and exposing the plants at the 
same time to a higher light intensity of 62.5 f,1E m-2 S-I, 
there was an elongation of the roots as well as an 
increase in the differentiation of cladophylls. This 
probably promoted photosynthesis and autotrophic 
growth . 
Only then did the asparagus plants have vigorous 
shoots, roots and cladophylls and could be transferred to 
pots with soil. The plastic bags which covered the pots 
prevented desiccation of the plants. When excess 
moisture, however, accumulated on the inside of the 
bag, rotting of the plant tissue occurred. It was necessary 
to replace the plastic bags with larger bags after 2 weeks. 
After 3--4 weeks the bags were removed, and the plants 
were maintained for another 3--4 weeks in the 
glasshouse . 
The root system developed better in pure peat moss 
rather than in the other soil mixture , which according to 
Tsay (1983) may be due to the fact that soft peat moss 
not only prevents injury to the root system, but also 
maintains adequate aeration and moisture for further 
root development. 
Asparagus plants multiplied and established in this 
manner, adopted and survived well under field 
conditions. 
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